Tissue printing onto membranes such as nitrocellulose is a technique employed to study the localization of proteins, nucleic acids, and soluble metabolites from freshly cut tissue slices. We probed tissue prints of young and mature celery (Apium graveolens) petioles with antibodies raised against two proteins, spinach ribulose-1,5-bisphosphate carboxylase and tomato fruit catalase. The purposes of this study were to determine if these proteins are developmentally regulated and to determine if the patterns and intensities of cross-reactivity of antibodies on tissue blots corresponded only to the presence of specific epitopes or was related to the amount of protein present in any given area on the tissue prints. Different and distinct cross-reactivity patterns were observed with each of the two antibodies used. Tissue prints from young and mature tissues also showed differences in antibody cross-reactivity. Comparison of Coomassie blue staining patterns with antibody reactivity patterns showed that there is little relationship between tissue protein concentration and antibody reactivity.
Most studies conceming regulation of protein levels involve the use of complex tissues or organs. Data obtained from such studies are extremely valuable but do not necessarily indicate in which cells or tissues the changes are occumng. Determining the amount and distribution of proteins in specific tissues or cells could yield valuable insights into cell development. Tissue printing is a relatively new technique that is being used to study cell-specific localization of macromolecules (Cassab et al., 1985; Cassab and Vamer, 1987; Spruce et al., 1987; Cassab et al., 1988; Cassab and Vamer, 1989; McClure and Guilfoyle, 1989; Vamer and Taylor, 1989; Lagrimini, 1991; Ye and Vamer, 1991; Bailey et al., 1992; Taylor, 1992b ). The technique was described by Cassab and Vamer (1987) and consists of transfemng cellular materials from the freshly cut surface of tissues to nitrocellulose membranes.
We sought to develop this method in a more quantitative way, i.e. measuring the amount of material transferred from one cell type or tissue. Quantitative interpretation in antibody reactivity on tissue prints is difficult if one tries to explain differences in the degree of cross-reactivity without knowing the amount of protein transferred from each tissue; specific signal might simply reflect the bulk transfer of protein from regions of high cell density and yield no information on the We compared the cross-reactivity of the two antibodies with the relative amount of protein transferred to the blots within cell types and tissues.
MATERIALS AND METHODS

Plant Tissue
Celery petioles (Apium graveolens L.) were purchased from local markets. The petioles (Fig. 1A ) selected represent two developmental stages: Y (nongreen petioles from the center of the stalk) and more M (green extemal petioles). The sections printed of both Y and M tissues were taken from the central portion of each petiole used. The arrows show this area only in the most M petiole.
Tissue Printing
Freehand cross-sections of approximately 1-to 3-mm thickness were made with a razor blade from celery petioles (Vamer and Taylor, 1989; Taylor, 1992a Taylor, , 1992b . The sections were gently blotted onto filter paper prior to printing. Sections were then carefully placed onto a piece of NC membrane. A piece of smooth paper was placed over the section to protect the membrane from fingerprints while applying pressure with one or two fingers for 10 to 30 s. Similar freehand crosssections were stained with toluidine blue for observation of anatomy (Fig. 18 ).
Tissue-Print Western Analysis
Tissue-print westem blots were previously described (Cassab and Vamer, 1987, 1989) . Antibodies used to locate proteins on tissue prints of developing celery petioles were against (a) RuBP (Inamine et al., 1985) or ( doxyl phosphate, p-toluidine salt (Promega Corp.) 2 were used as substrates for color development. All micrographs were taken either under a Zeiss SV8 stereomicroscope equipped with a MC 100 camera or with a 35-mm Nikon camera. All photographic films were from Eastman Kodak.
Electrophoresis and Immunoblotting
Protein extracts for SDS-PAGE (Schagger and Von Jagow, 1987) were prepared by homogenizing tissue in ice-cold 50 mM Tris-HCl (pH 6.8) buffer containing 10 mM thiourea. The homogenate was centrifuged at ll,000g for 10 min, and the cleared supernatant was collected. Protein was determined according to Bradford (1976) . The following proteins were subjected to SDS-PAGE: RuBP, CTL, and extracts from Y and M petiole tissues. Protein staining was performed with Coomassie brilliant blue R-250. Proteins from the gels were electrotransferred to NC membranes (Towbin et al., 1986) . Immunoblots for substrate binding were detected as described above. 
Total Protein Profiles
Freehand cross-sections of celery petioles were prepared, gently blotted, and printed directly onto NC membranes. Several protein-staining procedures were tried (e.g. Coo-massie blue, Indian ink, colloidal gold, and napthol blue black). Coomassie blue was adopted because of its ease of use and better reproducibility. problems with NC solubility were solved by lowering the methanol content of both the staining and destaining solutions. After destaining, the membranes were placed between absorbent paper and allowed to dry.
RESULTS
Specific Antibody Profiles in Celery Petioles
The results of the two specific polyclonal antibodies used to locate proteins on tissue blots of celery petioles (Fig. 2) are summarized in Table I . Antibodies raised against RuBP (Fig.  2, A-C) showed strong cross-reactivity with epidermal cells, the Fc of the vascular tissue, and the Pp. Cb were devoid of products that are cross-reactive with RuBP antibodies. These antibodies reacted similarly in both Y and M tissues except for the E and Fc, which were more distinct in the more M tissue, and the Xy, which was more pronounced in the Y tissue. Antibodies raised against CTL (Fig. 2, D-F) crossreacted strongly with the Cb and Ph, moderately with the Pp, little with the E, and not at all with the Xy and Fc. There was little difference in the degree of cross-reactivity between Y and M tissues.
SDS-PAGE and Western Blots
Coomassie blue staining of RuBP and CTL antigens, as well as extracts from Y and M celery petioles, are presented in Figure 3A (lanes 1-4, respectively) . Immunological analysis of polypeptides (Fig. 3B) showed that RuBP (lanes 5-7) and CTL (lanes 8-10) antibodies reacted with their respective antigens and did not cross-react with many other polypeptides.
Coomassie Blue Staining of Tissue Blots
An important aspect of this research was to determine the relative amount of protein transferred to NC membranes and to relate that information to the type of tissue being examined (Table I) . Coomassie blue stained the Ph, Cb, and Fc intensely, the Pp and Xy moderately, and the E only a little in both tissue types. However, tissue prints of the Y petioles (Fig. 4 , A and C) seemed to be more intensely stained than these same tissues in more M petioles (Fig. 4B) .
DISCUSSION
The purpose of this study was to determine if the pattern of cross-reactivity of antibodies on tissue blots actually relates to the presence of specific epitopes or to the amount of protein present in any given tissue. Two different crossreactivity patterns observed with the antibodies used in tissue blotting are summarized in Table I . The differences were both greater in intensity and more in number between the antibodies used than between the Y and M tissues used. Somewhat surprisingly, neither of the antibody patterns coincided with the pattern of total protein staining. Tissues that exhibited high protein content did not show greater binding of both antibodies. Thus, the pattern one gets with antibodies showing good specificity is not related to the amount of protein transferred, but rather to specific epitopes present in particular tissues.
We used several antibody preparations in this study. Only results with those antisera that cross-reacted with their specific antigens as well as with proteins of the correct mol wt blotted from SDS-polyacrylamide gels of tissue extracts are reported. Discrete, immunoreactive proteins from SDS-PAGE blots of tissue extracts were taken to be the source of signal on the tissue prints. One antiserum failed to react with the blotted, SDS-solubilized proteins of celery petioles and was eliminated from further characterization, despite the fact that it produced tissue-specific patterns on tissue prints. Other antibodies not used gave good signals on tissue prints but did not show good specificity with the antigen and/or tissue extracts. Our criteria for identifying true recognition of antigens on tissue prints called for corresponding recognition of SDS-solubilized proteins electroblotted from polyacrylamide slab gels.
